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		 		 Shallow	 Deep	 		
	  d'	 c'	 RT	H'	 RT	CR'	 d'	 c'	 RT	H'	 RT	CR'	 DI	
Shallow	
d'	 -	 		 		 		 		 		 		 		 		
c'	 -0.618*	 -	 		 		 		 		 		 		 		
RT	H'	 0.317	 -0.352	 -	 		 		 		 		 		 		
RT	CR'	 0.386*	 -0.458*	 0.808***	 -	 		 		 		 		 		
Deep	
d'	 0.603*	 -0.181	 0.118	 0.106	 -	 		 		 		 		
c'	 0.094	 0.403*	 0.022	 -0.007	 0.037	 -	 		 		 		
RT	H'	 0.252	 -0.278	 0.762***	 0.563*	 0.087	 -0.053	 -	 		 		
RT	CR'	 0.263	 -0.267	 0.606**	 0.592**	 0.216	 -0.040	 0.754***	 -	 		





















































































































































































































































































































































































































































































































































































































		 H'	 CR'	 d'	 c	 c'	
Mean	 0.80	 0.78	 1.7	 0.71	 0.47	
Standard	
Deviation	 0.06	 0.1	 0.28	 0.58	 0.48	
	
	
5.8.4 Combining	the	Odour	Judgement	Task	and	the	Image	Judgement	Task	
results:	Analysis	of	Relationships	between	Recognition	Memory	Measures	
As	in	Experiment	6,	the	correlations	between	DI	and	d'	and	c'	are	of	greatest	interest	
for	the	purpose	of	this	experiment.	As	the	interest	lies	in	rats’	discrimination	of	novel	
and	familiar	object,	the	DI	for	the	first	minute	of	the	test	trial	was	used	as	an	
indication	of	this	and	therefore	used	in	all	subsequent	correlation	analysis.	Scatter	
plots	showing	the	relationship	between	DI	and	d'	and	DI	and	c'	are	presented	below	
(Figure	5.11).	With	six	data	points	(see	Discussion	below	for	the	reasons	for	this),	
interpretation	and	analysis	of	relationships	between	these	measures	is	highly	
tentative.		Nevertheless,	in	the	interest	of	completeness,	this	data	was	analysed	in	a	
way	to	mirror	the	data	obtained	in	Experiment	6.		
	
	
	
Figure	5.11:	Scatterplot	of	the	correlations	between	DI	and	measures	of	sensitivity	and	bias.	a)	DI	and	d'	(r(4)	=	
0.245,	p	=	0.639)	and	between	b)	DI	and	c'	(r(4)	=	-	0.602,	p	=	0.206)	(n	=	6).	
	
	
5. CHAPTER	FIVE	
	
	 185	
Pearsons’	correlations	run	on	DI	and	c’	and	d'	are	presented	in	Figure	5.11.	Unlike	for	
Experiment	6,	no	significant	correlation	was	seen	between	DI	and	d',	r(4)	=	0.245,	p	=	
0.639	(Figure	5.11a).	Although	the	scatter	plot	for	DI	and	c'	suggests	that	the	data	
contains	an	outlier,	this	is	difficult	to	ascertain	given	the	sample	size	(Figure	5.11b).	
Pearson’s	correlations	between	DI	and	c'	were	also	non-significant,	whether	or	not	
this	data	point	was	included;	r(4)	=	-	0.602,	p	=	0.206;	and	r(4)	=	0.597,	p	=	0.288,	
respectively.	
	
	
5.9 Discussion	
	
The	behavioural	odour	judgement	task	developed	by	Fortin	and	colleagues	(2004)	
was	found	to	elicit	adequate	hit	and	correct	rejection	rates	for	investigating	the	
recognition	memory	parameters	of	sensitivity	and	bias	in	rats.	Rats	were	able	to	
learn	the	rule	but	task	demands	ensured	rats	were	not	performing	at	ceiling.	
Furthermore,	rats	level	of	sensitivity	and	bias	in	Experiment	7	were	similar	to	those	
obtained	in	human	participants	in	Experiment	6,	suggesting	that	this	task	was	well	
matched	to,	and	thus	provides	a	good	analogue	for,	the	human	Image	Judgement	
Task.	However,	the	amount	of	training	rats	required	to	learn	the	rule	was	
substantial.	Indeed,	while	the	intention	was	to	run	multiple	cohorts	of	rats	on	this	
task	to	increase	the	sample	size,	the	time	requirements	for	training	prohibited	this.	
The	advantages	of	the	SOR	in	terms	of	the	lack	of	a	requirement	for	rewards,	the	
lack	of	rule	learning,	and	the	relative	rapidity	and	simplicity	of	running	the	task,	are	
lost	in	the	odour	judgment	task.	As	such,	while	this	task	is	of	significant	merit	in	
enabling	a	measure	of	recognition	bias	to	be	obtained	from	rats,	and	potential	
manipulations	of,	or	neural	structures	supporting	this	to	be	investigated,	its	regular	
use	in	testing	recognition	memory	in	rats	is	limited.		
	
Due	to	the	small	sample	size	in	the	current	experiment,	the	correlations	outlined	
between	DI	and	sensitivity	and	DI	and	bias	are	inconclusive.	It	is	not	possible	to	
discern	relationships	between	the	recognition	memory	measures	of	interest.	Based	
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on	the	finding	from	Experiment	6	in	humans,	and	on	the	understanding	that	the	SOR	
is	a	bias-free	forced-choice	task,	the	DI	is	expected	to	correlate	to	sensitivity	but	not	
to	bias,	however	this	cannot	be	ascertained	here:	the	data	can	be	used	neither	to	
support	nor	reject	this	hypothesis.	While	further	repetitions	of	the	current	
experiment	are	encouraged	to	allow	Experiment	6	to	be	replicated	in	the	rodent	
literature,	assuming	the	VPC	is	accepted	as	a	satisfactory	analogue	to	the	SOR,	it	is	
proposed	here	that	the	findings	from	Experiment	6	alone	suitably	demonstrate	the	
relationship	between	the	DI	and	sensitivity	and	bias.	
	
While	the	human	and	rodent	tasks	were	well	paralleled,	one	difference	between	
these	is	worth	considering.	The	stimuli	used	for	the	VPC	and	the	Image	Judgement	
Task	in	the	human	experiment	were	all	sampled	from	a	set	of	similar	stimuli:	a	
mixture	of	Pokémon	and	Digimon	characters.	In	comparison,	the	rats	were	
presented	with	3D	visual	objects	during	the	SOR	task	and	odours	in	the	Odour	
Judgement	Task.	Given	that	different	stimuli	are	differently	memorable,	and	
therefore	lend	themselves	to	differing	levels	of	sensitivity	(see	Experiments	2	&	3,	
Chapter	3),	a	hypothetical	absence	of	a	relationship	between	sensitivity	derived	from	
an	odour	recognition	task	and	novelty	preference	from	a	visual	task	may	be	falsely	
representative	of	differences	generated	by	the	stimuli	rather	than	a	genuine	lack	of	
relationship	between	these.	However,	assuming	no	floor	or	ceiling	effects,	an	
individual’s	recognition	memory	sensitivity/ability	is	considered	to	be	stable	and	
hence	should	be	scaled	by	the	memorability	of	stimuli	rather	than	being	completely	
dependent	upon	it.	If	this	were	the	case,	individual’s	recognition	memory	sensitivity	
for	differing	stimuli	would	be	highly	correlated	and	these	should	therefore	not	
impact	further	correlations	between	sensitivity	and	other	factors.	These	suggestions	
should	be	investigated	empirically,	where	Experiment	6	suggests	the	use	of	the	VPC	
and	single	item	recognition	tasks	in	humans	are	an	effective	way	to	achieve	this.	
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5.10 Conclusion	
	
The	aim	of	the	presented	experimental	chapter	was	to	evaluate	the	relationship	
between	novelty	preference	as	a	recognition	memory	measure	obtained	in	the	
rodent	literature,	and	measures	of	recognition	memory	sensitivity	and	bias	typically	
obtained	in	the	human	literature.	Novelty	preference	obtained	from	eye-tracking	
was	found	to	be	positively	correlated	to	memory	sensitivity	in	humans,	while	not	
being	related	to	bias.	This	was	attempted	to	be	replicated	in	rats	in	Experiment	7.	An	
Odour	Judgement	Task	was	found	to	elicit	behaviour	which	enabled	adequate	
measurements	of	sensitivity	and	bias	in	rats	to	be	obtained.	However,	the	training	
demands	to	establish	this	behaviour	were	such	that	sample	size	was	limited	and	the	
results	from	Experiment	6	could	neither	be	corroborated	nor	refuted.	
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6. CHAPTER	6:	
GENERAL	DISCUSSION	
	
	
6.1 Summary	of	Thesis	
	
The	aim	of	the	current	thesis	was	to	integrate	experimental	methodologies	across	human	
and	rodents	to	further	investigate	novelty	processing	at	both	a	cognitive	and	neural	level,	
and	assess	whether	it	is	dissociable	from	familiarity	processing.	This	aim	was	driven	by	the	
conflict	between	the	assumption	in	the	literature	that	novelty	and	familiarity	are	words	
referring	to	the	same	recognition	memory	process	(present	both	in	the	methodologies	used	
to	test	recognition	memory	(see	Section	1.2.1),	and	in	the	theoretical	understanding	of	
recognition	memory	(see	Section	1.2.2)),	and	empirical	findings	which	have	suggested	
differently	(e.g.	Albasser	et	al.,	2010;	Kumaran	&	Maguire,	2007;	Xiang	&	Brown,	1998),	see	
Section	1.5).	Thus,	the	experimental	approach	outlined	in	chapters	2	–	4	was	based	upon	
the	theoretically	driven	hypothesis	that	if	novelty	and	familiarity	are	simply	words	ascribed	
to	different	directionalities	of	the	same,	single,	memory	strength	continuum,	then	novelty	
and	familiarity	processing	should	be	equally	and	oppositely	affected	by	experimental	
manipulations.	Furthermore,	to	better	assimilate	the	findings	from	these	experimental	
chapters,	and	the	human	and	animal	recognition	memory	literature	more	broadly,	the	
relationship	between	measures	of	recognition	memory	typically	obtained	from	animal	and	
human	research	was	investigated	empirically	in	Chapter	5.	The	key	findings	from	these	
experiments	are	presented	below,	and	their	implications	for	the	methodological	and	
theoretical	investigations	of	recognition	memory	are	discussed	in	sections	6.2	and	6.3.	
	
A	simple	initial	investigation	into	whether	novelty	and	familiarity	are	dissociable	processes	is	
to	ascertain	whether	participants	can/do	differentially	assess	these.	Mill	&	O’Connor	(2014)	
demonstrate	that	participants	assessed	their	memory	differently	as	a	result	of	test	question,	
such	that	a	“new?”	test	question	lead	to	a	more	liberal	bias	(more	likely	to	endorse	an	old	
response)	whereas	an	“old?”	test	question	lead	to	a	more	conservative	bias	(less	likely	to	
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endorse	an	old	response).	Assuming	a	single	process	contributes	to	memory	strength	
evidence,	amendments	in	bias	should	occur	uniformly	across	the	spectrum	of	memory	
strength	(see	Section	2.1	for	a	detailed	discussion	of	this).	However,	if	differing	sources	
contribute	to	memory	strength	then	they	may	be	differentially	interrogated	to	enable	
differential	assessments	of	memory	strength	based	on	these	(see	Section	2.1	for	a	detailed	
discussion	of	this).	Thus,	whether	shifts	in	bias	for	high,	medium	and	low	old	and	new	
confidence	level	judgements	as	a	consequence	of	test	question	were	uniform	was	
investigated	in	Experiment	1.	Participants	rated	either	the	level	of	familiarity	or	the	level	of	
novelty	of	word	stimuli	in	a	single	item	recognition	task,	and	their	recognition	memory	
performance	was	compared	across	these	two	conditions.	With	recollection	accounted	for,	
an	interaction	was	observed	between	participants’	bias	for	making	high,	medium	and	low	
confidence	judgments	and	whether	they	were	rating	familiarity	or	novelty.	This	interaction	
suggested	that	participants	were	differentially	assessing	their	memory	when	novelty	or	
familiarity	was	emphasised,	where	this	appeared	to	be	most	prominent	for	high	confidence	
new	judgements.	It	is	argued	in	Chapter	2	that	this	supports	the	notion	that	memory	
strength	evidence	is	gained	by	more	than	one	process,	where	these	are	considered	to	
reflect	familiarity	and	novelty.	
	
Experiments	2	and	3	followed	on	from	this	by	investigating	whether	concurrent,	and	thus	
conflicting,	novelty	and	familiarity	processing	caused	interference,	and	whether	this	
interference	was	quantitatively	equal	and	opposite.	This	design	was	established	as	it	was	
considered	to	parallel	well	with	the	SOR	recognition	memory	paradigm	used	in	rodents,	in	
which	two	items	of	conflicting	mnemonic	statuses	are	presented	at	test	(Ennaceur	&	
Delacour,	1988).	When	taken	together	the	results	from	Experiment	2	and	3	were	unclear.	In	
Experiment	2,	participants’	identification	of	novel	items	as	such	was	interfered	with	by	the	
mnemonic	status	of	a	concurrent	item,	leading	to	changes	in	memory	sensitivity,	while	no	
such	effect	was	observed	for	their	identification	of	familiar	items.	Similarly	to	Experiment	1,	
this	suggests	a	dissociation	between	novelty	and	familiarity	processing.	However,	this	was	
not	replicated	in	Experiment	3	when	the	memorability	of	stimuli	was	improved.	
Nevertheless,	while	the	effect	of	the	mnemonic	status	of	a	concurrent	item	did	not	affect	
correct	identification	of	either	old	or	new	items	in	Experiment	3,	the	presence	of	a	
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concurrent	item	did	differentially	affect	correct	identification	of	novel	and	familiar	items.	
Identification	of	old	items	was	not	impacted	by	the	presence	of	a	concurrent	item,	while	
identification	of	a	novel	item	was	aided	by	the	presence	of	a	concurrent	highly	familiar	item	
compared	to	when	this	was	presented	alone.	Thus,	while	the	different	stimuli	used	in	these	
two	experiment	significantly	affected	participant’s	recognition	performance	and	the	
patterns	in	the	data,	both	experiments	demonstrate	differential	interference	for	novelty	
and	familiarity	detection.	Thus,	in	line	with	Experiment	1,	the	results	from	Experiment	2	and	
3	provide	evidence	suggesting	that	novelty	and	familiarity	are	dissociable.	The	differing	
patterns	of	result	however	did	not	allow	insight	into	the	characterisation	of	the	differences	
between	these	processes.	
	
Having	established	evidence	for	the	dissociation	of	novelty	and	familiarity	processing	at	a	
cognitive	level,	this	dissociation	was	subsequently	investigated	at	a	neural	level	in	Chapter	
4.	This	investigation	was	based	upon	the	previously	established	significant	role	that	the	
perirhinal	cortex	plays	in	item	recognition	(see	Section	1.4	for	a	review).	Indeed,	high	
activity	in	the	perirhinal	cortex	has	been	shown	for	novel	items,	with	this	activity	decreasing	
as	items	become	more	familiar	over	time	or	due	to	the	number	of	exposures	(e.g.	Roloff	et	
al.,	2016;	Xiang	&	Brown,	1998).	If	the	activity	of	the	perirhinal	cortex	reflects	familiarity	
processing,	and	familiarity	and	novelty	are	words	ascribed	to	a	same	neural	process,	
concurrently	presenting	a	familiar	item	alongside	a	novel	item	should	disrupt	the	increased	
perirhinal	activity	seen	for	a	novel	item.	Hence,	this	was	tested	using	the	same	theoretical	
premise	as,	and	a	similar	methodology	to,	that	employed	in	humans	in	Experiments	2	and	3.	
Differing	groups	of	rats	were	presented	with	two	items	of	competing	mnemonic	status	(i.e.	
novel	and	familiar)	in	a	standard	spontaneous-object-recognition	(SOR)	task.	The	level	of	
familiarity	of	the	familiar	item	was	manipulated	across	groups	such	that	impact	of	the	level	
of	familiarity	of	the	familiar	item	on	the	neural	response,	as	indexed	by	c-fos	expression,	to	
the	novel	item	was	investigated.	Furthermore,	Albasser	and	colleagues	(2010)	have	
identified	overlapping	but	distinct	networks	for	the	processing	of	novelty	and	familiarity.	
Thus,	the	effect	presenting	familiar	items	of	differing	memory	strengths	concurrently	with	a	
novel	item	was	also	investigated	with	regards	to	novelty	and	familiarity	processing	at	a	
network	level,	using	the	networks	identified	by	Albasser	and	colleagues	(2010).		
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Surprisingly,	in	both	Experiments	4	and	5,	although	animals	displayed	a	novel	item	
preference,	exposure	to	a	novel	object	in	the	SOR	task	did	not	lead	to	greater	perirhinal	
cortex	activity.	Roloff	and	colleagues	(2016)	argue	that	the	failure	to	find	differences	in	the	
neural	responses	to	novel	and	familiar	items	following	an	SOR	task	reflects	a	lack	in	the	
sensitivity	as	a	consequence	of	the	singe	trial	task	used.	Indeed,	in	a	within-subject	
experiment	using	single	unit	recordings	in	perirhinal	cortex	neurons	of	rats,	neurons	with	
differences	in	their	recognition-related	neural	responses	were	found	during	a	visual-paired	
comparison	tasks	in	which	large	numbers	of	stimuli	were	presented,	but	not	in	an	SOR	task	
in	which	the	rat	undertook	a	single	trial	with	two	object	stimuli	(see	Section	1.4.2).	
Furthermore,	recent	research	has	suggested	that	novelty/familiarity	processing	in	the	
perirhinal	cortex	is	dependent	upon	firing	frequency	(Ho	et	al.,	2015),	with	stimulation	of	
the	perirhinal	cortex	with	frequencies	of	30-40Hz	causing	rats	to	treat	familiar	images	as	
novel,	while	frequencies	of	10-15Hz	causing	rats	to	treat	novel	images	as	familiar.	As	both	of	
these	frequency	ranges	will	cause	action	potentials	and	therefore	IEG	induction	(Chaudhuri,	
1997),	unless	a	significantly	different	number	of	neurons	are	responding,	these	activities	
would	appear	identical	using	c-fos	as	a	marker	for	neural	activity.	When	taken	together,	this	
evidence	suggests	that	the	use	of	c-fos	expression	to	investigate	neural	responses	to	novel	
and	familiar	items	is	not	sensitive	enough	when	paired	with	a	behavioural	
methodology/manipulation	consisting	of	a	single	tiral	SOR,	where	c-fos	may	be	used	under	
methodological	conditions	in	which	a	greater	number	of	trials	or	stimuli	is	likely	to	drive	the	
novelty	response	(Albasser	et	al.,	2010),	increasing	the	number	of	neurons	responding	to	
this	(Roloff,	Muller	&	Brown	2016).	Hence,	the	sensitivity	of	the	tools	used	to	assess	novelty	
and	familiarity	require	consideration	for	future	research	within	this	field.	
	
Furthermore,	the	neural	networks	outlined	by	Albasser	and	colleagues	(2010)	were	overall	
ill-suited	to	represent	the	data	obtained	from	the	experimental	groups	in	Experiment	5	of	
this	thesis,	in	which	the	level	of	conflict	between	the	novel	and	familiar	item	was	highest	
(i.e.	a	novel	item	paired	with	either	a	highly	familiar	or	a	moderately	familiar	item).	The	data	
pertaining	to	the	control	group	where	rats	were	presented	with	two	highly	familiar	items	
was	well	represented	by	the	familiarity	network	established	by	Albasser	and	colleagues	
(2010).	Furthermore,	the	data	pertaining	to	the	experimental	group	in	which	the	rats	were	
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presented	with	the	least	amount	of	familiarity	(i.e.	a	novel	and	a	low	familiarity	item)	was	
well	represented	by	both	the	novelty	and	the	familiarity	networks	outlined	by	Albasser	and	
colleagues	(2010).	Hence,	the	mnemonic	status	of	the	concurrent	item	did	not	uniformly	or	
systematically	affect	the	processing	of	the	novel	item,	and	thus	the	quality	and	extent	of	
this	disruption	remains	unclear.	Of	importance,	the	level	of	familiarity	of	the	item	
concurrently	presented	with	the	novel	item	had	no	behavioural	effect:	exploration	
durations	for	novel	and	familiar	items	were	equivalent	regardless	of	the	level	of	familiarity	
of	the	familiar	item.	The	outstanding	implications	of	this	finding	is	discussed	below	(Section	
6.3),	in	conjunction	with	findings	from	Experiment	6.		
	
While	a	similar	paradigm,	in	which	a	novel	and	a	familiar	item	were	presented	concurrently,	
was	employed	to	test	recognition	memory	in	both	humans	(Experiment	2	and	3)	and	rats	
(Experiments	4	and	5),	an	important	consideration	became	apparent:	were	the	same	
components	of	recognition	memory	being	tested	in	these	species?	More	specifically,	does	
the	novelty	preference	in	the	SOR	capture	both	the	component	of	sensitivity	and	bias	
known	to	contribute	to	human	recognition	memory?	This	was	tested	in	humans	
(Experiment	6)	and	rats	(Experiment	7).	For	human	participants,	the	novelty	preference	in	
an	eye-tracked	visual-paired-comparison	(VPC)	task	was	considered	an	analogue	for	the	
novelty	preference	in	the	rodent	SOR,	and	was	found	to	positively	correlate	with	measures	
of	sensitivity,	but	have	no	relationship	to	measures	of	bias,	as	obtained	on	a	standard	single-
item	recognition	task.	Rats	were	trained	on	a	single-item	odour	recognition	task	such	that	
measures	of	recognition	memory	sensitivity	and	bias	could	be	obtained	and	compared	to	
novelty	preference	as	obtained	from	a	standard	SOR	procedure.	While	the	rats	were	able	to	
perform	the	single-item	recognition	task,	the	training	requirement	to	establish	this	
behaviour	prevented	more	than	six	rats	to	be	tested.	As	such	no	correlations	were	shown	
between	the	novelty	preferences	in	the	SOR	and	either	sensitivity	or	bias.	However,	it	is	
anticipated	that	with	a	larger	sample	size,	the	results	in	a	rodent	version	of	the	experiment	
would	parallel	those	found	in	Experiment	6	using	human	participants.	The	results	from	
Experiment	6	validate	the	manner	in	which	SOR	is	considered	and	discussed	in	the	rodent	
literature.	Interestingly,	during	the	single-item-recognition	task	in	humans,	participants’	
memory	sensitivity	was	correlated	to	their	reaction	times	for	correct	rejections	but	not	for	
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hits.	Again	the	implication	of	this	finding	will	be	discussed	in	more	detail	below	(Section	
6.2).	
	
6.2 Methodological	Implications	
	
One	of	the	aims	of	this	thesis	was	to	better	bridge	and	integrate	the	experimental	
methodologies	used	to	test	recognition	memory	in	humans	and	rodents.	This	was	directly	
addressed	in	Chapter	5	where	it	was	established	that	the	novelty	preference	measures	
obtained	from	the	VPC	as	an	analogue	for	the	SOR	are	related	to	an	individuals’	memory	
sensitivity	rather	than	bias,	as	estimated	based	on	an	equal	variance	signal	detection	model	
of	recognition	memory.	Thus,	the	greater	the	novelty	preference	an	individual	displays,	the	
greater	their	ability	to	discriminate	old	from	new	items	in	recognition	memory.	This	is	in	
keeping	with	the	novelty-encoding	hypothesis	(see	Section	1.1),	which	advances	that	novel	
items	are	allocated	more	cognitive	processing	such	that	these	are	encoded	for	better	
subsequent	retrieval.	Importantly,	the	relationship	between	novelty	preference	in	the	VPC	
task	and	recognition	memory	sensitivity	in	Experiment	6	is	not	causal,	as	recognition	
memory	was	not	tested	using	the	same	exact	stimuli	as	those	presented	in	the	VPC	(see	
Section	5.1	for	a	discussion	of	the	purpose	of	this).	However,	the	hypothesis	based	on	the	
novelty-encoding	hypothesis	would	be	that	participants	spending	longer	fixating	upon	novel	
items	also	encode	them	to	a	superior	extent,	and	therefore	have	high	recognition	memory	
sensitivity.	The	lack	of	a	relationship	between	novelty	preference	and	bias	is	unsurprising	as	
forced-choice	tasks,	in	which	participants	are	asked	to	identify	the	old	(or	new)	item	from	a	
pair	are	considered	bias-free	(see	Section	5.2).	Participants	do	not	have	to	identify	the	items	
as	novel	or	familiar	per	se,	but	rather	can	identify	the	item	which	is	relatively	the	oldest	(or	
newest).		
	
These	findings	validate	the	manner	in	which	the	SOR	is	discussed	in	the	animal	literature,	
such	that	deficits	seen	are	considered	to	reflect	primary	memory	impairments	in	the	ability	
to	discern	novel	from	familiar	items.	Consequentially	however,	these	findings	reflect	that	
the	component	of	bias	is	unaccounted	for	in	a	significant	portion	of	the	animal	literature.	
However,	measures	of	bias	were	obtained	from	participants	presented	with	two	concurrent	
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objects	in	Experiments	2	and	3.	Hence,	for	theoretical	considerations	concerning	bias,	the	
SOR	could	be	amended	to	require	responses	from	rats,	such	as	knocking	over	a	novel	object	
but	not	a	familiar	one,	for	a	target	item	presented	alongside	a	concurrent	item.	
Furthermore,	where	resources	for	extended	training	are	available,	a	single	item	odour	
judgment	task,	as	developed	by	Fortin	and	colleagues	(2004)	and	implemented	in	
Experiment	7,	may	be	employed	to	obtain	measures	of	sensitivity	and	bias	in	rats.	The	
results	from	the	human	and	rat	analogues	for	the	single	item	recognition	and	the	SOR	
paradigm	are	well	matched,	and	suggest	these	are	tools	of	potential	value	for	translational	
research.		
	
Finally,	although	not	questioning	the	methodological	difference	in	human	and	animal	
recognition	research	directly,	results	obtained	from	the	presentation	of	two	items	of	varying	
mnemonic	statuses	used	to	test	recognition	memory	in	humans	in	Experiment	2	and	3,	and	
in	rats	in	Experiments	5	suggests	some	considerations	for	this	manner	of	presenting	stimuli.	
Indeed,	the	SOR	is	based	upon	this	construct	of	presenting	two	items	of	differing	mnemonic	
statuses	at	test,	and	is	widely	used	in	the	animal	recognition	memory	literature	(see	Section	
1.2.1).	However,	when	recognition	memory	was	directly	tested	in	human	participants	for	an	
item	paired	with	an	irrelevant	concurrent	item,	the	presence	and	mnemonic	status	of	this	
concurrent	item	interfered	with	recognition	memory	for	novel	items.	This	occurred	
differently	for	differing	stimuli,	and	the	results	from	Experiments	2	and	3	do	not	allow	the	
nature	of	this	interference	to	be	outlined.	Similarly,	the	manner	in	which	engagement	of	the	
novelty	and	familiarity	networks	differed,	but	not	systematically,	between	the	experimental	
groups	in	Experiment	5	also	suggests	interference	between	the	items	concurrently	
presented.	This	is	an	important	consideration	when	testing	recognition	memory	in	animals,	
where	a	deficit	on	the	standard	SOR	but	normal	exploration	of	novel	and	familiar	items	
when	these	are	presented	in	mnemonically	equivalent	pairs	(i.e.	two	novel	or	two	familiar	
items;	(Lisa	Kinnavane	et	al.,	2015;	McTighe	et	al.,	2010;	Olarte-Sánchez	et	al.,	2015)),	may	
reflect	an	inability	to	resolve	this	interference.		
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6.3 Theoretical	Implications	
	
While	not	providing	a	cohesive	understanding	of	the	specificities	of	the	novelty	and	
familiarity	processes,	the	findings	from	Experiments	1	–	5	all	suggest	discrepancies	in	how	
novelty	and	familiarity	are	processed.	Thus,	in	line	with	findings	from	single	unit	recordings	
(e.g.	Xiang	&	Brown,	1998),	from	fMRI	experiments	(e.g.	Kumaran	&	Maguire,	2007),	from	
analysis	of	neural	networks	(e.g.	Aggleton	et	al.,	2010),	and	from	experiments	using	aged	
populations	(e.g.	Burke	et	al.,	2011),	the	current	findings	challenge	the	assumption	that	
novelty	and	familiarity	are	words	pertaining	to	the	same	process,	rather	suggesting	that	
these	are	differentiable.	As	outlined	in	Sections	1.2	of	this	thesis,	this	assumption	pervades	
both	the	methodological	constructs	used	to	test	recognition	memory	in	animals	and	the	
theoretical	models	underlying	the	current	understanding	of	recognition	memory.	The	
findings	from	the	current	thesis	do	not	allow	for	characterisation	of	the	differences	between	
novelty	and	familiarity	processing,	although	such	differentiation	at	a	neural	level	has	been	
proposed	in	the	literature	(Roloff	et	al.,	2016;	Xiang	&	Brown,	1998).		
	
Of	significant	interest	in	the	current	thesis	are	the	findings	from	multiple	experiments	
specifically	highlighting	novelty.	In	Experiment	1,	the	interaction	between	participants’	bias	
and	the	test	question	was	most	apparent	for	judgements	of	high	and	medium	confidence	
novelty.	In	Experiments	2	and	3	interference	of	concurrent	items	was	present	for	the	
identification	of	novel	but	not	familiar	items.	Furthermore,	in	Experiments	4	and	5	the	
presence	of	the	novel	item	but	not	the	familiarity	of	the	concurrent	item	appeared	to	be	
driving	rat’s	behavioural	response	in	the	SOR,	while	participants’	recognition	sensitivity	was	
correlated	with	their	reaction	times	for	processing	novel	but	not	familiar	items	in	
Experiment	6.	These	effects	specific	to	novelty	occurring	for	differing	methodologies	and	
across	different	species	suggest	an	important	role	for	novelty	processing	specifically	in	
recognition	memory	research.	Indeed,	while	not	all	questions	have	been	answered	by	the	
experiments	reported	in	this	thesis	and	some	of	the	results	provided	by	the	same	
experiments	are	difficult	to	interpret,	this	combination	of	results	suggests	that	novelty	is	
processed	in	a	differing	way	to	familiarity	and	is	both	more	susceptible	to	interference	
(Experiments	1,	2	and	3)	and	more	highly	related	to	behaviour	(Experiments	4,	5	and	6)	than	
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familiarity	processing.	To	truly	argue	for	separable	novelty	and	familiarity	processes	a	
double	dissociation	between	these	is	required.	Historically,	initial	evidence	towards	a	
dissociation	of	processes	emerges	from	clinical	case	studies	where	specific	impairments	are	
recoded	in	either	process.	Currently,	such	clinical	case	studies	are	limited	with	regards	to	
selective	impairments	informing	our	understanding	of	novelty	and	familiarity	processing.	
Indeed,	as	outlined	in	Section	1.4.1,	a	single	case	study	provides	evidence	for	a	selective	
familiarity	impairment	(NB;	Bowles	et	al.,	2007;	2011),	although	this	is	framed	in	terms	of	a	
differentiation	from	recollection,	where	NB’s	responses	to	novel	items	was	not	specifically	
evaluated.	Furthermore,	to	the	author’s	knowledge,	no	case	studies	of	specific	novelty	
assessment	deficits	are	recorded.	Patients	with	deja-vecu	(a	chronic	form	of	deja-vu)	are	
reported	to	experience	heightened	levels	of	the	feeling	of	familiarity	for	occasions	which	are	
truly	novel	(such	as	a	friend’s	funeral;	O’connor,	Lever	&	Moulin,	2010),	suggesting	
interference	of	novelty	and	familiarity	processes,	but	not	providing	a	dissociation	of	these.	
Without	a	double	dissociation	of	either	the	cognitive	processing	or	the	neural	processing	of	
novelty	and	familiarity	then	these	cannot	be	identified	as	unequivocally	separable.		
	
However,	the	evidence	from	the	empirical	chapters	within	this	thesis	highlight	the	need	to	
question	our	assumption	with	regards	to	the	processes	involved	in	recognition	memory.	
Indeed,	the	findings	disputing	the	assumption	that	novelty	and	familiarity	are	a	single	
process,	and	suggest	a	particularly	influential	role	both	of,	and	on,	novelty	processing	in	
recognition	memory.	Thus,	it	is	argued	that	that	future	research	should	investigates	the	
differences	between,	and	characteristics	of,	novelty	and	familiarity	processing.	The	initial	
requirement	for	such	research	is	a	clearer	definition	of	what	is	understood	by	novelty	and	
familiarity.	This	is	important	at	all	levels	of	analysis,	where	greater	effort	should	be	made	to	
identify	definitions	and	conceptualisation	of	these	processes	which	transcend	levels	of	
analysis	and	research	in	differing	species.	Indeed,	when	taking	a	larger	frame	of	view	it	is	
acknowledged	that,	further	research	and	subsequent	data	obtained	which	is	difficult	to	
interpret	within	the	current	framework	of	recognition	memory	processes	(such	as	that	from	
Experiments	2	and	3	of	this	thesis)	may	identify	that	it	is	not	simply	the	addition	of	a	process	
such	as	novelty	within	our	understanding	of	recognition	memory	that	is	required,	but	rather	
that	the	current	conceptualisation,	definition	and	assumptions	of	recognition	may	require	
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consideration	to	allow	for	these	data.	Without	the	inclusion	of	novelty	assessment	in	our	
understanding	of	recognition	memory	and	the	manner	in	which	this	is	experimentally	
tested,	a	significant	component	of	this	crucial	cognitive	function	will	remain	unaccounted	
for.	
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APPENDIX	E:	Recipe	for	Antifreeze	Used	in	Experiment	4	
	
	
Solution:	
	 30%	sucrose	
	 30%	Ethylene	Glycol	in	0.1	MSPB	
	
Recipe:	
	 300g	sugar	
	 500ml	0.2	PBS	
	 300ml	Ethylene	Glycol	
	


